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文 内 容 要
?
STUD田SONGBNETICCHANGESINCOMMON・
ANI)ORNAMCNTALCARP(Cyprinuscarpio),
USINGMICROsA'1'CLLITCDNAMARKCIZS
Commoncarp,Cyprinuscarpioisprobablytheoldestculturesandmostdomesticated
fishspeciesintheworld.Thisspecieshasbeenrecognizednotonlyforhuman'sFood
consumptionbutalsoasanornamentalfish.Thenumerousvarietiesofthecommoncarp
developedthroughacombinationofforcesincludinggeographicisolation,adaptation,
accumulationofmutationsandnaturalsaswellashumanselectionpressures.
Geneticstudyofcommoncarphasbeencarriedoutbyusingseveralmarkertypes,such
asmorphologicaltrai1s(scaねtionandpigmentation),lmmunogenctic(hlstocompaIibility
antigens),andbiochemicalmarkers.However,thelawlevelofpolymorphismdisplayedby
thosemarkersinmostcommoncarpstudied,haslimitedtheiruses.
Duetothelowvariabilityfoundinisozymemarkers,astudybasedonmoresensitive
markers,suchasmicrosatelliteDNA,wasseenasnecessary.MicrosatellitesaresegmentoL
DNAwithshortrepeatsofonetolournucleotidesequences.Todate,microsatellite
markersinfishhavebeenusedinpopulationstudies,parentageandkinshipanalysis.
ThisstudywasinvestigatedtheuseofmicrosatelliteDNAmarkerstodetectthe
geneticchangesinwildpopulation,culturedandornamentalstrainsofcommoncarp,
(漉pガ 欄 ∫c靡 η 加w玉ththcaimofprovidingameansfordevelopingpropermanagement
policiesofthisspeciesintermsofconservationandgeneticimprovement.
1.Is〔}畏飢ionofmicmsate亘liteDNAm紐rkersl醗comm{D歴c紐rp
GenomicDNAwasextractedfrombloodsamplesanddigestedtocompletionwith3
restrictionenzymes;Rsa1,flintIIandIlcteIII.TheDNAwasligatedtopUC18Smal/BAP
andtransformedintoF,.coli.Thetransformantswereselectedusingampicillinplates.The
colonicswereblottedontohybond-Nmembranesandhybridizedwith(GT)15probes.Thc
positivecoloniesweregrownindividually.ThentheirplasmidDNAwasextracted,purified
andsequenced,
Sixty-eightclonesweresequenced,thirty-nineofwhichcontainedmicrosatellites.
However,only4clonedcontainedmicrosatellitesgaveclearPCRamplificationbands.They
wereCca-8*,Cca-17*,Cca-21,andCca-30*(Table1).Thepolymorphicofthoselociwas
一302一
testedin50individualfish.Thenumberalleledetectedrangedfromstoll
heterozygosityrangedfromO.500toO.780(Table1).
whilethe
2.T恥emodeof量 曲er孟tanceofmicros綾 重el磁eDNAm翫rkers
Pourloci,Cca-8*,Cca-/7*,Cca-21*,andCca-30*wereusedtodetectthe
inheritance'smodeofmicrosatelliteDNAlociinnormalprogeniesofnishikigoi,
Furthermore,thoselociwereusedtodetectthenonpaternalinheritanceingynogenetic
progeniesofnishikigoiandparentageidentificationofIndonesiancommoncarp.
Theinheritanceofmicrosatellitelociinsixfamiliesofnishikigoiwasshowntobe
codominantmendelianmode(Table2andFig.2).Theabsenceofpaternalinheritancecould
bedetectedbyusingmicrosatellitelociingynogeneticprogenies.Therecombinationrates
betweenlociandtheircentromerecouldbeestimatedbyusinggynogeneticfish.Therate
wasbetweenO.237andO.918withanaverageO.506,whilethe ,gene-centromeredistance
wasbetween12cMand46cMwithanaverage25cM(Table3).Microsatellitemarkers
wereshowntobeeffectiveinparentageidentification.Thegenotypesofparentswere
successfullyexpectedfromtheallelesdetectedintheirprogenies.
3。Ge髄e`lcvarlab蓋懸tyinw熊d蟄oP腿 鑑a髄onofcommo醜carp
Threemicrosatelliteloci,Cca-17*,Cca-21*,andCca-30*wereappliedtodetectthe
geneticvariabilityinthewildstockofcommoncarp.Twenty-fourindividualswerecollected
fromShimantoRiver,KochiPrefecture.Theresultshowedthat6allelesweredetectedand
gavetheheterozygosity(He)0.778(Table5).Basedonthegeneticvariabilitydetected,it
wasshownthatmicrosatellitemarkersweremoresensitivethanisozymemarkers.
4・Gene重icvar量ab撒ylnreco9騒lzedr綾cesof頁ndonesiancommoncarp
NineracesofIndonesiancommoncarparerecognizedamongfishfarmers.Theyare
Cangkringan,Mlrror,Sinyonya,Jember,Sutisna,Majalaya,Punten,Rajadanu,andWildan.
ThosesampleswerecollectedfromtheResearchAgencyofFreshwaterFisheries(RAFF),
theAgencyforFreshwaterAquacultureDevelopmentCenter(AFACD},andgovernment
hatcheriesatEastJavaprovince.Theirgeneticvariabilitywereanalyzedbyusingfour
microsatelliteloci,Cca-8*,Cca-17*,Cca-21*,andCca-30*.Theaveragenumberofalleles
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detectedwas5.19andtheaverageheterozygosity(He)wasO.656(Table5),whilethe
geneticdiversitywasO.292.
5.GeneticvariabilityinhatcherystocksofIndonesiancommoncarp
ThegeneticvariabilityinhatcherystocksofIndonesiancommoncarpfrom610cations
weresurveyedusingtourlociofmicrosatellitemarkers.ThoselocationswereWestSumatra,
NorthSumatra,WestJava(Bandung,Sukabumi,andBogor),andEastJava.Fishsamples
wereobtainedfrombothgovernmentandprivatehatcheries.
Theaveragenumberofallelesandheterozygositydetectedwere7.54andO.720,
respectively(Table6),higherthanthoseinninerecognizedstockofIndonesiancommon
carp.Thegeneticdiversity,however,wasfoundlower(0.138)thanthatofninerecognized
stocksindicatingthathatcherystockwasconsistedofmixedpopulationwhilearecognized
stockwastobeafixedpopulation.
6.Geneticvariabilityinnishlkigoistocksfrom∬sMarmsatN量igamPref¢cture
Geneticvariabilityinthemostpopularvarietiesofnishikigoi,suchasKouhaku,Taisho
andShowawereobservedbyusing4microsatelliteDNAloci。Fishsampleswcrecollected
fromfishfarmsinYamakoshivillage,NiigataPrefectureandNiigataPrefecturalInlandwater
FisheriesExperimentalStation.
Theaveragenumberofallelesandheterozygositywere4.08andO.440,respectively
(Table7),whilethegeneticdiversitywasO.093.Theexcessofhomozygositywasobserved
atseverallocisurveyed,indicatingthatinbreedingistakenplaces.
7.Geneticchangesinwildpopulation,recognizedraces,hatcherystocksand
nishikigoi
Geneticchangesinwildpopulation,hatcherystocks,racesandornamentofcommon
carpwerecompared,basedonthreeloci,Cca-17*,Cca-21*,andCca-30*.Basedonallele
andallelefrequencydetectedinthoseloci,itwasshownthatwildpopulationandornamental
strainwereseparatedfromIndonesiancommoncarp(Fig.3).Theaveragenumberofalleles
detectedinwildpopulationandhatcherystockswerehigherthanthatofnineracesand
ornamentalstrain(Fig.4).Theaverageofheterozygosity(He)inwildpopulationwas
higherthanthatofhatcherystocksandnineraces,however,thatofornamentalstrainwas
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thelowest(Fig.5).Thegeneticdiversityofnineraces(0.292)wasfoundhitherthanthatof
hatcherystocks(0.138)andornamentalstrain(0.093)(Fig.6).
Thegeneticchangesin4groupswerewellrelatedwiththeirgeneticbackground
(Table8).Thelowernumberallelesdetectedinwildpopulationcomparedtohatchery
stocksmibhtbeduetothesmallnumberofsamplesusedinwildpopulation.However,the
randommatingoccurredandlargefounderinwildpopulationcausethehighheterozygosity.
Bothhatcherystocksandninerecognizedhadalargefounder,however,nonrandommating
resulteditsheterozygositylowerYhanwildpopulation.Thelowallelenumberfoundinnine
racesindicatedthatthoseracescamefromselectionactivities.Thenonrandommatingand
smallfounderinornamentalstrainmadeitsheterozygositywasthelowest.Thehigherof
geneticdiversityfoundinninerecognizedracesindicatingthattheyhavealargerofbased
populationsizecomparedtohatcherystocks,andornamentalstrain.Smallbasedpopulation
sizeofornamentalstrainmighthecausedofitsoriginatedfromcolormutantofcommon
carp.
Consideringtheevaluationoftheirgeneticvariability,suggestionsand
recommendationsweremadefortheirpropermanagementpoliciesintermsforconservation
andgeneticimprovement(Table9).(1)WildtypeofJapanesecommoncarpprobablehas
becometobeanendangeredspecies,basedontheirgeneticvariabilityevaluation.
Therefore,therepeatedgeneticsurveyissuggestedtohedonewithmoresamplesand
locationstoprovideapropermanagementpolicyofthisspeciesinthetermforconservation
ofJapaninlandwaterfisheries.(2)Toimprovethegeneticvariabilityinninerecognized
stocks,out-breedingwithinracemustbeundertaken,besidesofobservationoftheir
commercialtraits.Inthefuture,itspossibletousethoseracesashatcherystocks.(3)To
maintaintheeconomictraitsandtopreventtheinbreedingdepressionofhatcherystocks,
mass-selectionshouldbedoneusinglowselectionintensitybecausethosestockshave
alreadyhadagoodperformance.Furthermore,extensionprogramofbroodstoek
managementshouldbegiventohatcherymanagers.(4}Thelackofprecisegeneticdata
aboutcolorinheritanceinornamentalfishmakestheout-breedingactivitiesisdifficulttohe
undertakenforimprovingitsphysiologicaltraitsandgeneticvariability.Themodeofcolar
inheritancecouldbesolvedifbiotechnologicalapproachesareused,suchasmappingQTL
(QuantitativeTraitLoci)forcontrollingcolorpatternandchromosomemanipulatedfish.
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Fig.1SchematicillustrationofisolationofmicrosatelliteDNAloci.
TableLNucleotidesequenceofcommoncarpmicrosatellitesandprimersforamplificationoflocibyPCR
Locus Scquen㏄5'→3' Annealing
temperature(ｰC'
No.ofallelesSize
NP
Hetero2ygosity
Cca-8*
Cca-17*
Cca-21
Cca-30*
(GT)刀
F`lGGCTG㎜ACCTCTGTG舶
R'2AAATAACTI「rGGACTGCT
(T)箔
F"CAACACATAACCGCATTTCT
R92CTTrCTTGTGATTGACCTCC
(GT)11
FAAGGTGAGTGTGACGACGG
RAGCACAAACACACGGTCAG
(GT)18+(GA)20
FCTGCCTTCTTCTACTCTACAC
RTTGCCTCTATGCTTGATTTT
52
47
53
SO
ii
6
5
10
200-244
177-187
67-77
256-290
OJdO
Q.620
0.780
osoo
`lF
onvardprlmer,82Reversepr三mer.
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Table2.Genotypesofnishikigoiparentsandtheirnormalprogeniesatfourmicrosatelliteloci
Locus Family ParentalGenotype
FemaleMale
Floffspringgenotype n
Observednumber*1(expectedineachclass
Cca-8*
Cca-17*
Cca-21*
Cca-30*
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
??
?
??
?
??
??
?
?
???
?
?
*228/228
5(5.5)
*220/242
8(11)
*万/79
9(10)
*7野79
13(11)
*79/79
14(11)
*7フγ79
12(11)
*7刀79
9(11)
*288/318
5(5・5)
*288/318
14(11)
*288/318
9(10)
*288/318
7(11)
*288/318
7(11)
*288/318
12(10.5
*220/242
6(5.5)
*288/300
5(55)
*318/318
3(5.5)
*318J318
4(5)
*318/318
7(55)
*228/242
5(55)
x`300/318
6(∬)
?
?
?
?
?
?
?。
?
?
?。
?
?
?。
?
?
?
?
?
?
?
?
?
?
?
*'NonsignificantatP<0.05.
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Fig.2MicrosatelliteallelesofnishikigoianditsFloffspringatlocusCca-21*(lane1:femaleparent/
lane2-11二Floffspring,lane12:maleparent).ThesizestandardisascquencingladderofM13mp18.
Table3.Progenygenotypesofmeioticandmitoticgynogeneticnishigoiat3microsatelliteloci
Locus Family Maternal
genotype
No.offish
observed
Pro鍔enygenotypes'1)
11 12 zz y'2) SD
G-Cmap
distances
cM
Cca-8* 3-G2NA
4-G2NA
*228/242
*220/228
?
?
?
?
?」
?
?
?
?
?
??
41
並
67
53
童
118
o.ass
0.07 !2
0.187
3-G2NB
4-G2NB
*220/242
*220i22s
?
?
?
?
?
?
?
? 0.236
Cca-2!*5-G2NA
6-G2NA
*75/79
*75/79
?
?
?
?
?
?
?
95
61
156
?
?
?
?
0.9!3
0.01 46
0.924
5-G2NB *75/79 !3 5 8
0.919
Cca-30*3-G2NA
5-G2NA
*288/318
*288/318
?
?
?
?
?
?
?
?
??
?
?
【?
?
?
??
0.410
0.08 18
0.298
3-G2NB
5-G2NB
*288J318
*288/3!8
?
?
??
?
?
?
?
?
0.354
'盈)11
and22archomozygoteforthefirstandsecondma監ernalaHeies,respectively
'2)
post-reductionrates/gene-centromererecombinationrates
Table4.Geneticvariabilityofthreemicrosatellitelociinthewildtypeofcommoncarp
Cca-17* Cca-2! Cca-30* Mean
No.oPsamples
No.ofalleles
Heterozygosity(IIo)
(IIc)
(Ho/He)
24
5
0.638
0.629
1.014
23
6
0.933
0.797
1.171
24
7
0.978
0.719
1.360
6.0
0.850
0.715
1.189
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Table5.Geneticvariabilityof4microsatelliteloci,Cca-8*,Cca-17*,Cca-21*,andCca-30*
inninerecognizedstocksoflndonesiancommoncarp
Cca-8* Cca-17* Cca-21* Cca-30* Mean
withincopulation
Cangkringan-1
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
HeteroZygosity(Ho)
(He)
(Ho/He)
15
6
3.81
0.467
0.738
0.633*
15
3
2.11
0.aoo
O.527
0.759
15
4
3.17
0.soo
O.684
1.169
15
6
3.63
0.667
0.724
0.92U*
4.75
3.18
0.583
0.668
0.873
Cangkringan-2
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
18
7
3.16
0s o
O.684
0.731
18
4
1.92
0soo
4.480
1.042
18
4
3.58
0.944
0.721
1.310
18
6
asa
O.611
0.600
1.018
5.25
2.79
0.639
0.621
1.029
Canglcringan(Pooled)
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
33
S
3.97
0.485
0.748
0.648**
33
5
2.20
0.ass
O.54b
O.833
33
4
3.41
0.879
0.707
1.243
33
.7
3.03
0.b36
0.670
0.949
6
3.15
0.613
0.668
0.917
Mirror
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
18
5
2.59
0.889
0.614
1.447*
ユ8
3
1.63
0soo
O.387
1.291
18
S
4.53
0.944
0.779
1.212
18
7
2.47
0soo
O.596
0.839
s.oo
2.81
0.708
0.594
1.192
S藍nyonya
No,ofsamples
No,ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
18
5
3.66
0.667
0.727
0.917
18
3
1.71
0.278
0.415
0.669
18
5
2.68
0.500
0.627
0.798
18
9
5.89
0,88臼
0.830
1.071
5.50
3.49
0.S84
0.650
0.898
M瑠a監aya
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
18
4
2.53
0.6b7
0.605
1ユ02**
is
5
2.31
0.667
0.568
1.174
18
4
3.b2
0.9aa
O.724
1.304
18
6
4.18
0.556
0.761
0.731
4.75
3.16
0.709
0.664
1.068
Jember
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
13
5
3.76
0.692
0.734
0.944
13
5
1.81
0.385
0.447
0.861
13
s
3.98
0.692
0.749
0.925
13
6
3.76
0.846
0.734
1.153
5.25
3.33
0.654
0.666
-0.982
continued.....Rajadanu
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Table5.Cont.
Ra凄adanu
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Sutisna
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Wildan
No,ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Punten-1
No,ofsamples
No,ofalleles
Effective.no.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Punte擁・2
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Punten-3
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Punten-4
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Punten(Pooled)
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
、
13
4
2.10
0.462
0.524
0ssi
13
5
3.07
0.385
0.675
0.570*
13
6
3.84
0.692
0.740
0.936
24
7
3.96
0.625
0.747
0.836
10
8
5.88
0.700
0.830
0.843**
23
6
5.02
0.435
0.801
0.543**
26
10
6.76
0.615
0.ssa
O.722**
83
11
6.01
0.578
0.834
0.694**
13
2
1.99
0.615
0.497
1.237
13
4
3.76
0.615
0.734
0.839
13
5
4.69
0.384
0.787
0.489
24
5
3.19
0.333
0.688
0.484**
10
3
2.47
0soa
O.595
0.840
23
4
3.36
0.391
0.702
0.SS7**
26
3
2.05
0.308
0.512
0.601**
83
5
2.92
0.361
0.658
0.550*
**departurefromHardy-Weinbergequilibrium(P<0.05)
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13
3
2.18
0.692
0.541
1.279
13
3
2.96
1.000
0.663
1.509
13
5
2.86
0.769
0.651
1.182
24
3
2s2
0.667
0.603
1.105
10
3
2.53
0.800
0.605
1.322
23
5
2,78
0.826
0.641
1.289
26
5
3.34
0.846
0.700
1.208
83
5
2.91
Q.735
0.656
1.120
13
3
z.oo
O.231
0soo
O.462**
13
4
2.フ7
0.308
0.639
0.482**
13
5
2.77
0.462
0.639
0.722
24
7
2.91
0.625
0.656
0.952**
10
6
2.'78
0.700
0.640
1.094
23
8
3.83
0.565
0.'739
0.765
26
8
4.46
0.565
0.776
0.728*
83
11
3.78
0.605
0.734
0.824*
3.00
2.07
0soo
O.516
0.969
4.00
3.14
0。577
0.678
0.ssi
5.25
3.54
0.577
0.704
0.azo
5.50
3.15
0.563
0.674
0.835
5.00
3.42
0.675
0.668
i.oio
5.75
3.'74
0.554
0.721
0.768
6.50
4.15
0.584
0.710
0.823
8
3.91
0.570
0.721
0.791
Table6.Geneticvariabilityof4microsatelliteloci,Cca-8*,Cca-17*,Cca-21*andCca-30*
inhatcherystockscollectedfrom610cations
Cca-8* Cca-17* Cca-21 Cca-30* Mean
withinnooulation
WestSuロ 岨tra
No.ofsamples
No.ofaileies
Effectiveno,ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
NorthSumatra
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Sukabumi
No.ofsamples
No.ofalleles
Bffectiveno.ofalleles
Heterozygosity(Ho)
(He)
(HoiHe)
Bogor
No.ofsamples
No.ofalleles
Effectiveno,ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
Bandung
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
馳
.(He)
(Ho/He)
EastJava
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
66
7
4.20
0.394
0.762
0.517**
5&
8
4.31
0.586
0.768
0.763**
34
9
5.05
0.647
0.790
0.819**
38
10
6.29
0.632
0.830
0."761
39
7
5.88
0.821
0.819
1.002
97
12
5.62
0.598
0.saz
O.727*
66
5
1.93
0.182
0.482
0.378*
58
4
1.$9
0.397
0.4フ0
0.844*
34
6
3.11
0.529
0.668
0.792**
38
6
3.86
6.711
Q.731
0.971
39
6
4.20
0.539
0.752
0.717**
97
5
3.09
0.361
0.676
0.534*
66
6
2.39
0.591
0s8i
1.018
58
4
2.94
0.690
0.660
1.062
34
6
4.65
0.8sa
O.773
1.141**
38
4
3.55
0.896
0.709
1.264*零
39
6
3.18
0.64
0.677
0.947
97
5
2.85
0.784
0.649
1.208*
66
14
6.49
0591
0.846
0.699**
58
it
3.60
0.466
0フ22
0.645**
34
8
4.50
0.706
0.767
0.920
38
10
5.26
0.710
0.799
0.890
39
11
5.32
0.410
0.soa
O.511**
97
11
3.83
0.567
0.739
0.767*
8.00
3.75
0.440
0.668
0.658
6.75
3.19
0.535
0.653
0.8ao
7。25
4.33
0.691
0.750
0.921
7.50
4.74
0.738
0.767
0.962
7.50
4.65
0.bO3
0.762
0.791
8.25
3.85
0578
0.722
0.809
**deparIurefromHardy-Weinbergequilibri'um(Pく0.05)
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Table7.Geneticvariabilityof4microsatelliteloci,Cca-8*,Cca-17*,Cca-21*andCca-30*innishikigoi.
Cca-8* Cca-17* Cca-21* Cca-30* Mean
withinoonulation
Kouha㎞
No.ofsamples
NQ,Qfa疑e正es
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
46
7
3.04
0.630
0.671
0.939
?
?
?
?
?
46
5
2.99
0.630
0.665
0.947
46
5
2.10
0.565.
osas
1.077
4.5
2.28
0.456
0.465
0.981
Taisho
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
53
6
1.9b
O.245
0.490
0.500**
?
?
?
?
?
53
4
2.74
0.660
0.636
1.039
53
7
2.04
0.453
0.511
0.887**
4.5
1.94
0.340
0.409
0.831
Showa
No.ofsamples
No.ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/H〔う
30
5
2.77
0.433
0.637
0.680**
?
?
?
?
?
30
3
2.23
0.467
0.551
0.847
30
4
2.44
0.400
0.591
0.677*
3.25
2.11
0.325
0.445
0.770
Miscellaneous
No.ofsamples
No,ofalleles
Effectiveno.ofalleles
Heterozygosity(Ho)
(He)
(Ho/He)
25
9
4.64
0s2s
O.785
0.668*
?
?
?
?
?
25
4
3.15
0.440
0.682
0.645
2s
7
2.84
0.640
0.648
0.988
5.25
2.91
0.401
0.529
0.758
**DeparturefromHWE(P<0.05),locusCca-17*wasnotincludedintheHWEtest.
Japan
Sh{,w臼
Miscellaneous
K`レuhaku
Tai曲o
Wildan
Suiisna
Mirror
Cangk「i隠gan
Pu配en
S丘nyony蔑
取ladanu
M亀jalaya
3ember
Fig.3UPGMAdcndrogrambascdonNei'sgeneticdistanccof3microsatellitcloci,Cca-IT,
Cca-11',andCca30'amongJapanesewildstocknishikigoi,andrecognizedraces
oflndonuiancommoncarp,
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Table8.Evaluationofgeneticvariabilityin4differentgroups
Population Source Selection
methods
Selection
ロ サlntenSlty
Fou豊der Assumed
ofbas.e
ロ
O.Slze
Geneticvariabilit
Av.no.of
alleles
Av釘ageof
heterozveosit
Genetic
頃versity
1.Wildpop. Japan natural βa重ural Jap.wild
com.carp
Small Mme? High
2.Recog.T2CCS Indonesiamassselectionコhlgh China,
Dutc駐,
Germany
Large レ)w Lower Large
3.Hatcheey
stocks
Indonesiaaoss-breedingioW M砺alaya,
Sinyonya,
Punten
Large High Ffigh Relatively
small
4.Nishikigoi Japan ねmily
selection
bycolor
mutant
extremely
high
Jap.wild
com.carp
Small Low Verylow Small
Table9.Commentsandsuggestionsbasedontheevaluationofgeneticvariabilityin4differentgroups
Population GeneticvariabilityGenetic
Dive爲ity
Commentsandsuggestions
Avg.no.of
alleles
Avg.of
Heterozygosity
1.WildpopulationMed.'? High 一Endangeredspecies.
一Repeatedgeneticsurveyissuggestedtobedonewithmore
samplesandmorelocationstoprovidepropermanagement
policiesofthisspeciesinthetermofconservationofJapan
iniandwaterfisheries.
2.RecognizedracesL.VW LOW Large 一Geneticvariabilityshouldbeincreasedbyout-breedingwithin
aracewithoutdoingcross-breedingbetweenraces.
3.HatcherystocksHigh High Relatively
small
一Tomaintaintheeconomictraitsandtopreventtheinbreeding
depression,mass-selectionshouldbedoneusinglowselection
intensitybecauseofthosestockshasalreadyhadagood
performance.
一Extensionprogramofbroodstockmanagementshouldbegiven
tohatcherymanagers.
4.Nishikigoi 1.AIW Verylow Smal] 一Modeofcolorinheritanceshouldbeclearedupbeforedoing
crossbreedingforimprovingphysiologicaltraitsandincreasing
geneticvariability.
一Modeofcolorinheritancecouldbedetectedbyusing
biotechnologyapproachessuchasmappingQTL(Quantitative
TraitLoci)thosecontrollingcolorpatternsandchromosome
manip臆1aIedfis瓦
一314一
論 文 審 査 結 果 要 旨
マゴイ(qソρ漉 那8cα膨o)は世界で最 も古い養殖種で,最 も家魚化の進んだ魚種である。本種は食用魚
としてだけでなく,鑑賞魚としても重要視 されてきた。本種において,生 産性や品質を高めるため多 く
の国において選択育種が行われてきたが,近交係数の上昇に伴 う近交弱勢の発現がうたがわれている。
本研究は,マ ゴイ諸系統の遺伝的改良と保全のための適切な親魚集団の管理指針 を提起することを目
的としている。このため,高感度マーカーとして知られる核DNAのマイクロサテライ ト(MS)領域の検出
法を開発 し,マゴイ野生集団,養殖集団および観賞魚集団における集団内および集団間の遺伝的多様性
のレベルを定量 し,それらの変化の実態解明を試みた ものである。
第1章では,マゴイのマイクロサテライ トDNAマー カー開発のため,ゲ ノムDNAライブラリーから,
68のクローンの塩基配列を検出し,39のクローンにMS領域を確認 し,この領域の増幅が可能な4つ の
プライマーセッ ト(Ccα一醗,σcα一1磐,Ocα一21,απdCcα一30*)を設計 している。第2章 では,マ イクロ
サテライ トDNAマー カーの遺伝様式がいずれ もメンデルの法則に従うこと,さらにこれらが,親子鑑定
に応用可能であることを確認 している。
第3章 では,高知県西部の四万十川産のマゴイ野生集団の遺伝的多様性を,第4章 では,イ ンドネシ
ア政府機関において継代保存されてきた諸品種の遺伝的多様性を定量評価 している。ここでは,マ イク
ロサテライトDNAマー カーにおけるマゴイの遺伝的多様性 レベルが,他の淡水魚や海産魚にくらべ明ら
かに低いこと,さらには,継代保存諸品種の遺伝的多様性が野生集団のそれにくらべ低いことを示 し,
インドネシアには長年の継代飼育により品種として確立されたものが存在することを示 した。第5章 で
は,民 間の養殖用種苗生産施設の親魚群における遺伝的多様性が,継代保存諸品種のそれらに比べ高い
ことを明 らかにした。一方,養殖用種苗生産施設問の遺伝的距離の平均値は継代保存諸品種間の平均値
にくらべ小さかったことから,こ こで使われている親魚集団が複数の継代保存品種の遺伝的混合群であ
る可能性を示唆 している。
第6章 では,新潟県のニシキゴイの主生産地である山古志村の養魚家および新潟県内水面水産試験場
で採卵用親魚として保存 されている紅白,大正三色,昭 和三色からDNA検出用サンプルを採集 し,遺伝
的多様性を評価 したところ,イ ンドネシアの養殖品種にくらべ変異水準は明らかに低 く,遺伝的距離の
平均値は保存品種や種苗生産用親魚における集団間の平均値 に比べかなり小 さかった。このようにニシ
キゴイの遺伝的多様性が低いのは,本種の品種改良が色彩変異に限った特殊な家系選択により実施 され
てきた育種の歴史的背景に起因するものと考えられた。また,遺伝的変異性および系統間差が明らかに
小さくなっていたことから,ニシキゴイ集団における近交係数の上昇および創始集団のサイズが小さかっ
たことが示唆された。
本研究において,マ ゴイの野生集団,継代保存品種,種 苗生産用親魚集団および観賞魚(ニシキゴイ)
集団の遺伝的多様性の現状を明らかに しただけでなく,それらの利用と保全の立場から,それぞれの集
団の親魚管理指針を提言 した。また,水産生物の集団遺伝学的研究の意義を再確認させるとともに,種々
のマゴイ養殖の発展に遺伝学的側面から寄与するものと考えられる。よって,審査委員一同は本論文の
著者を博士(農学)の学位を授与するに値するものと判定 した。
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